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ABSTRACT

Background: Women living with HIV (WLHIV) have a higher
prevalence of anemia than women without HIV, possibly related to
the effects of HIV and antiretroviral medications.

Objectives: To estimate the prevalence of anemia in the third
trimester of pregnancy and the effect of anemia on preterm births in
WLHIV in the longitudinal, US-based Pediatric HIV/AIDS Cohort
Study (PHACS).

Methods: During the third trimester, we obtained up to three
24-hour dietary recalls to estimate daily intakes of nutrients and
measured serum concentrations of iron, vitamin B6, vitamin B12,
zinc, folate, ferritin, total iron-binding capacity (TIBC), and high
sensitivity C-reactive protein. Third trimester anemia was defined as
hemoglobin < 11 g/d and iron-deficiency anemia (IDA) was defined
as low ferritin, high TIBC, and low transferrin saturation. A preterm
birth was defined as birth at < 37 completed weeks of gestation,
regardless of etiology. We fit separate modified Poisson regression
models for each outcome (anemia, preterm birth) and each main
exposure, adjusted for confounders, and report adjusted prevalence
ratios (aPR) and 95% Cls.

Results: Of the 267 WLHIV, 50% were anemic in the third trimester,
of whom 43.5% (n = 57/131) had IDA. On average, women
with anemia were younger, were more likely to be black, started
antiretroviral medications in the second trimester, had a low CD4
count (<200 cells/mm?) early in pregnancy, and were less likely to
meet recommended intakes for iron, B6, and folate. The prevalence
of anemia was greater in WLHIV with a low CD4 count (aPR = 1.65;
95% CI: 1.20-2.27) and high HIV viral load (>10,000 copies/mL;
aPR = 1.38; 95% CI: 1.02-1.87). In total, 16% of women delivered
preterm. Anemia was associated with a 2-fold (aPR = 2.04; 95% CI:
1.12-3.71) higher prevalence of preterm births.
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Conclusions: Anemia is common in pregnant WLHIV, highlighting
the need to address the underlying factors and clinical outcomes of
anemia in this population. ~ Am J Clin Nutr 2021;113:1402-1410.

Keywords: anemia, HIV infection, pregnancy, iron-deficiency, B
vitamins, folate, dietary intake, preterm birth

Introduction

Anemia remains an important public health issue in women,
due to its significant impacts on maternal morbidity and mortality
and adverse birth outcomes (1). At least 42% (56 million)
of pregnant women worldwide (2, 3) and 16.2% of pregnant
women in the United States (4) are estimated to be anemic, with
significant disparities by race and ethnicity. Anemia is 4-7 times
more prevalent in women who identify as non-Hispanic black
compared to those who identify as non-Hispanic white and is 2-3
times higher in Hispanic individuals compared to non-Hispanic
white individuals (5). The WHO aims to reduce anemia by 50%
in women of reproductive age, as 1 of 6 global nutrition targets
for 2025 (6).

Women living with HIV (WLHIV) have a higher prevalence
of anemia compared to women living without HIV, which may
be due to the detrimental effects of HIV, including immunosup-
pression; an HIV viral burden; the use of specific antiretroviral
medications (ARVs), such as zidovudine (ZDV); and poor
diet, among other risk factors (7, 8). While improvements in
the hemoglobin (Hgb) status are observed after initiation of
combination antiretroviral therapy (cART) in men and women
(7), anemia is a strong predictor of mortality after cART
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initiation in low-to-middle income countries (9). The prevalence
of anemia and its etiology are not well characterized among
pregnant WLHIV in the cART era, including in the United
States. The primary objectives of this analysis were to estimate
the prevalence of anemia in the third trimester of pregnancy,
characterize the proportion of pregnant women with anemia due
to iron deficiency, and estimate the effects of anemia on preterm
births in pregnant WLHIV enrolled in the US-based Pediatric
HIV/AIDS Cohort Study (PHACS).

Methods

Participants

The Nutrition Substudy (ROIHD060325) of the PHACS
sequentially enrolled WLHIV between 19-39 weeks (median, 32
weeks) of gestation who were currently enrolled in the parent
Surveillance Monitoring for Antiretroviral Therapy Toxicities
Study (SMARTT) protocol of PHACS from 2009-2011 at 15
clinical sites (10, 11). The SMARTT protocol and the Nutrition
Substudy were approved by the Institutional Review Board at
each site, at the University of Miami Human Subjects Research
Office, and at the Harvard TH Chan School of Public Health, and
ethical procedures were followed. Informed consent was obtained
from the mother for herself and on behalf of her child.

The Pediatric HIV/AIDS Cohort Study (PHACS) was supported by the
Eunice Kennedy Shriver National Institute Of Child Health & Human
Development, with co-funding from the National Institute Of Dental &
Craniofacial Research, the National Institute Of Allergy And Infectious
Diseases, the National Institute Of Neurological Disorders And Stroke, the
National Institute On Deafness And Other Communication Disorders, the
National Institute Of Mental Health, the National Institute On Drug Abuse,
the National Institute On Alcohol Abuse And Alcoholism, the National
Cancer Institute, the Office of AIDS Research, and the National Heart,
Lung, and Blood Institute through cooperative agreements with the Harvard
TH Chan School of Public Health (HD052102; Principal Investigator,
George R Seage III; Program Director, Liz Salomon) and the Tulane
University School of Medicine (HD052104; Principal Investigator, Russell
Van Dyke; Co-Principal Investigator, Ellen Chadwick; Project Director,
Patrick Davis). Data management services were provided by Frontier Science
and Technology Research Foundation (Principal Investigator, Suzanne
Siminski), and regulatory services and logistical support were provided by
Westat, Inc (Principal Investigator, Julie Davidson).

The conclusions and opinions expressed in this article are those of the
authors and do not necessarily reflect those of the National Institutes of Health
or US Department of Health and Human Services.

Supplemental Figures 1 and 2 and Supplemental Tables 1 and 2 are
available from the “Supplementary data” link in the online posting of the
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To be included in this analysis, women enrolled in the Nutrition
Substudy were required to have at least 1 Hgb value from the
third trimester of pregnancy, have at least 1 valid dietary recall,
have delivered a liveborn infant with a known gestational age at
birth, and have a recorded birth weight for the infant. Women
were excluded from the analysis if they delivered twins or higher
order gestation, if they had a history of gastric bypass surgery, or
if all their dietary recalls did not reflect usual intakes (i.e., were
conducted during hospitalization).

Data collection
Sociodemographics, clinical history, and body measurements.

Women self-reported their socio-demographic status and
substance use, based on the Substance Use Inventory used in the
Maternal Lifestyles Study (11, 12), during the current pregnancy.
Race is collected in the following categories: American Indian,
Alaska Native, Asian, Native Hawaiian, Pacific Islander, black or
African American, white, and not reported. Hispanic ethnicity is
also self-reported.

Clinical history about the current pregnancy was abstracted
from the medical chart, including pre-pregnancy weight (kg) and
height (cm), pregnancy and birth complications, hepatitis B or C
coinfection, CD4 count and HIV viral load (RNA) in pregnancy,
gestational age of prenatal care initiation, year of HIV diagnosis,
and ARVs used during the pregnancy. When possible, gestational
dating was confirmed by an ultrasound at each site, per the usual
clinical practice, and the dating criteria were abstracted. The
pre-pregnancy BMI was calculated as weight divided by height
squared (kg/m?). Women were classified as having hepatitis B
if both surface antigen and core antibody tests were positive and
were classified as having hepatitis C if a hepatitis C RNA test
was positive.

Anemia.

All available Hgb measures in the third trimester (28 weeks of
gestation or greater) were abstracted from the obstetric records.
The average of those measures was calculated for each woman,
and anemia was defined as an average Hgb < 11 g/dL, based on
the WHO criteria for pregnancy (13). Moderate/severe anemia
was defined as an Hgb < 10 g/dL.

To further understand the prevalence of iron-deficiency anemia
(IDA) and describe other potential nutritional and dietary factors
associated with anemia, nonfasting blood was drawn in the
third trimester of pregnancy. The samples were not drawn at
the same time of day. The serum was stored at —70°C until
samples were sent to the Laboratory of Armando Mendez at the
University of Miami Diabetes Research Institute to be assayed
for concentrations of anemia-associated factors. These included
iron, vitamin B6, vitamin B12, zinc, folate, ferritin, total iron-
binding capacity (TIBC), and high-sensitivity C-reactive protein
(hsCRP). Vitamin B6 (pyridoxal 5’-phosphate) was measured uti-
lizing a specific enzymatic assay (Buhlmann Diagnostics Corp),
following the manufacturer’s protocol. All other analytes were
measured on a Cobas 6000 autoanalyzer (Roche Diagnostics),
using the manufacturer’s reagents and following all instructions
for instrument set up, assay calibration, and sample measurement.
In the presence of chronic inflammation, such as in those living
with HIV, ferritin may be elevated due to its role as an acute phase
reactant and may not adequately reflect iron stores. Thus, low
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ferritin was defined as <12 pg/L when hsCRP was <10 mg/L and
as <30 pg/L when hsCRP concentrations were greater than 10
mg/L (14-16). High TIBC concentrations were defined as >450
pg/dL, based on the standard clinical definition. Transferrin
saturation (%) was calculated as [serum iron (ug/dL)/TIBC
(ng/dL)] * 100%, with concentrations <16% considered low
(17). We created 2 additional variables with higher cutoffs to
define low ferritin as <45 pg/L (18, 19) and low transferrin
saturation as <20%. Abnormal concentrations of the following
laboratory assessments in pregnancy were based on published
studies: iron < 30 pg/dL; B6 < 20 nmol/L; B12 < 400 pg/mL;
folate < 4.5 ng/mL; zinc < 50 pumol/L; and hsCRP > 10.0
mg/L (15). We classified IDA as low ferritin, high TIBC, and low
transferrin saturation.

Nutritional intake and food security.

Women were interviewed in a standardized fashion, using
study-provided cell phones, by a trained nutritionist at the
University of Miami (DN and another staff nutritionist) to obtain
three 24-hour dietary recalls (from 2 weekdays and 1 weekend
day, over a 2-week period) during the third trimester of pregnancy
(Week 28 to delivery) (20). The 24-hour dietary recalls were
obtained following the multiple pass method (21). Dietary intake
and micronutrient supplement data were analyzed using the
Nutrition Data System for Research (NDSR), versions 2010
and 2011 (Nutrition Coordinating Center, NDSR Software, http:
/Iwww.ncc.umn.edu/products/). Micronutrient supplement data
related to the past 30 days were collected at the end of the first 24-
hour recall interview using the Dietary Supplement Assessment
Module included in the NDSR. Macro- and micronutrient
intakes were generated for each 24-hour recall separately, as
well as for supplement use. A protocol for quality assurance
suggested by the NDSR was carried out by a team of 3
nutritionists, and outlying values for energy, macronutrients,
and key micronutrients were checked for validity. Data deemed
invalid/unreliable were excluded.

Dietary intake data were assessed using means of all recall
days, when available, or data from 1 day otherwise. Using the
RDAs for pregnant women, we classified intakes [diet alone,
diet plus supplements (total)] as below the RDA, within the
RDA, or above the RDA (15). For this analysis, we include
iron, pyridoxine (B6), cobalamin (B12), and folate (22). The US
Household Food Security Survey Module: 6-Item Short Form
was administered during the first dietary phone interview to
evaluate food security over the last 12 months. Food security was
categorized as high/moderate, low, or very low (23).

Preterm birth and infant anthropometrics.

A preterm birth was defined as a gestational age < 37 weeks
at birth (24). Gestational age was abstracted from the medical
chart and determined by standardized obstetric procedures,
including dating based on first trimester ultrasound measurement
confirmation, clinical findings, or a combination of the 2, or based
on the last menstrual period. Birth weight (g) was abstracted from
the clinical chart. Using standard techniques, we measured length
within 14 days of birth (herein called birth length). Z-scores
for sex and gestational age were calculated for birth weight,

Jacobson et al.

length, and BMI based on reference values (25). Being small for
gestational age (SGA) was defined as having a weight < 10th
percentile for gestational age.

Statistical analysis

The distributions of socioeconomic and clinical factors,
serologic assays, and nutrient intakes were described by the
median (IQR) and number (%) and compared by anemia status
using a Fisher’s exact test for categorical variables and a Student’s
t-test for continuous variables.

We fit separate, modified Poisson regression models (26)
for each outcome and each main exposure of interest to
obtain a prevalence ratio and 95% CI for each unadjusted
and adjusted prevalence ratio model. First, models were fit to
examine the prevalence of anemia by each of the following
exposures separately: /) earliest CD4 count in the first or second
trimester [ <200 cells/mm?, 201-499 cells/mm?>, >500 cells/mm?
(reference)]; 2) earliest HIV viral load in the first or second
trimester [<400 copies/mL (reference), 401-1000 copies/mL,
1001-10,000 copies/mL, >10,000 copies/mL]; and 3) ARV class
at last menstrual period or at earliest initiation of ARV in the
first or second trimester [protease inhibitor (PI) without a non-
nucleoside reverse transcriptase inhibitor (NNRTI; reference),
NNRTI with/without a PI, nucleoside reverse transcriptase
inhibitor (NRTI) without a PI or NNRTI, other, or no initiation
before second trimester]. Second, models were fit to examine the
prevalence of preterm births by third trimester anemia. Potential
confounders, in adjusted models, were selected a priori based
on the literature and construction of directed acyclic graphs
(27). Adjusted models for the anemia outcome included maternal
age (years), race (black vs. non-black), income (<$10,000 vs.
>$10,000/y), any alcohol use in pregnancy, and ZDV use at the
last menstrual period or at the earliest initiation of ARV in the first
or second trimester. Hispanic ethnicity was not deemed to be a
confounder, and thus was not adjusted for in models. The adjusted
model of preterm birth outcomes included maternal age, race,
income, any alcohol use in pregnancy, PI use at last menstrual
period or at earliest initiation of ARV in the first or second
trimester in pregnancy, and pre-pregnancy BMI (<25, 25-29.9,
30-34.9, >35), as defined above. All analyses were performed in
SAS 9.4 (SAS Institute).

Results

Included participants

Of the 317 pregnant women initially considered eligible who
consented to participate in the Nutrition Substudy, we excluded
20 women with no valid dietary recall, 18 missing third trimester
Hgb results, 3 with twin gestations, 1 with bariatric surgery,
2 with incorrect gestational ages, 4 missing birth weights,
and 2 with implausible z-scores for birth anthropometrics
(Supplemental Figure 1). This analysis therefore includes 267
women, of whom 220 (82%), 29 (11%), and 18 (7%), completed
3,2, and 1 valid 24-hour dietary recalls, respectively.

Maternal characteristics

Maternal characteristics are shown in Table 1. Briefly, across
all included women, the median maternal age was 28.4 years;
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TABLE 1 Maternal characteristics by third trimester anemia among women living with HIV
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Characteristic Anemia, Hgb < 11 g/dL, Trimester 3
Yes,! n=134 No,! n =133 Total, n = 267 P value?
Average hemoglobin, g/dL, Trimester 3 Median (Q1, Q3) 10.1 (9.5, 10.5) 11.8(11.5,12.4) 11.0 (10.1, 11.8) <0.001
Maternal age at delivery, y Median (Q1, Q3) 27.8 (23.0, 31.6) 29.5(23.6, 34.1) 28.4(23.3,33.3) 0.094
Black/non-black Black 99 (76%) 73 (57%) 172 (67%) 0.002
Non-black 31 (24%) 54 (42%) 85 (33%)
Hispanic Yes 36 (27%) 58 (44%) 94 (35%) 0.005
High school education <high school 43 (32%) 42 (32%) 85 (32%) 1.00
>high school 91 (68%) 88 (68%) 179 (68%)
Household income, US$ >$10K/y 46 (38%) 53 (45%) 99 (41%) 0.29
<$10K/y 76 (62%) 65 (55%) 141 (59%)
Marital status Living with partner/spouse 64 (48%) 69 (53%) 133 (50%) 0.39
Single 70 (52%) 61 (47%) 131 (50%)
Illicit drugs ever used in pregnancy Yes 14 (11%) 12 (9%) 26 (10%) 0.84
Alcohol ever used in pregnancy Yes 11 (8%) 16 (12%) 27 (10%) 0.32
Tobacco ever used in pregnancy Yes 27 (20%) 23 (17%) 50 (19%) 0.64
Maternal pre-pregnancy BMI, kg/m2 >35.0 18 (16%) 27 (25%) 45 (20%) 0.38
30.0-34.9 21 (19%) 20 (19%) 41 (19%)
25.0-29.9 30 (27%) 28 (26%) 58 (26%)
<25 43 (38%) 33 (31%) 76 (35%)
Trimester started prenatal care First trimester 85 (64%) 95 (73%) 180 (69%) 0.40
Second trimester 40 (30%) 32 (25%) 72 (27%)
Third trimester 4 (3%) 2 (2%) 6 (2%)
Within 3 days of delivery 3(2%) 1 (1%) 4 (2%)
HIV diagnosis before this pregnancy Yes 105 (80%) 105 (80%) 210 (80%) 1.00
ARV use before this pregnancy Yes 91 (68%) 88 (66%) 179 (67%) 0.80
Timing of ARV initiation in Third trimester 6 (5%) 7 (5%) 13 (5%) 0.009
pregnancy Second trimester 62 (47%) 38 (29%) 100 (38%)
First trimester 19 (14%) 36 (27%) 55 (21%)
On at LMP 45 (34%) 51 (39%) 96 (36%)
ART class at LMP or first/second Not on ART 8 (6%) 8 (6%) 16 (6%) 0.74
trimester Other 7 (5%) 8 (6%) 15 (6%)
NRTI, no PI or NNRTI 7 (5%) 3 (2%) 10 (4%)
NNRTI, w/ or w/o PI 10 (7%) 13 (10%) 23 (9%)
PI yes, NNRTI no 102 (76%) 101 (76%) 203 (76%)
ZDV use in first/second trimester at Yes 56 (44%) 52 (42%) 108 (43%) 0.70
first ARV use
Earliest CD4 in the first/second <200 20 (16%) 8 (6%) 28 (11%) 0.020
trimester, cells/mm?> 200499 52 (42%) 49 (39%) 101 (40%)
>500 52 (42%) 70 (55%) 122 (49%)
Earliest HIV RNA in the first or >10,000 37 (29%) 25 (20%) 62 (25%) 0.12
second trimester, copies/mL 1001-10,000 32 (25%) 30 (25%) 62 (25%)
400-1000 12 (10%) 7 (6%) 19 (8%)
<400 45 (36%) 60 (49%) 105 (42%)

Abbreviations: ART, antiretroviral therapy; ARV, antiretrovirals; Hgb, hemoglobin; LMP, last menstrual period; NNRTI, non-nucleoside reverse
transcriptase inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; PI, protease inhibitor; ZDV, zidovudine.

'The number of missing values in anemic and nonanemic women, respectively, for the following variables: black/non-black (4, 6); high school education
(0, 3); income (12, 15); marital status (0, 3); illicit drug use/alcohol use/tobacco use in pregnancy (1, 1); pre-pregnancy BMI (22, 25); trimester started
prenatal care (2, 3); HIV diagnosis before this pregnancy (3, 1); timing of ARV initiation (2, 1); ZDV use in first/second trimester at first ARV use (8, 8);
earliest CD4 in the first/second trimester (10, 6); and earliest HIV RNA in the first/second trimester (8, 11).

2P values were computed using a #-test for continuous variables and a Fisher’s exact test for categorical variables.

67% identified as black and 35% as Hispanic. A third of women
did not complete high school, approximately half had a household
income <$10,000 per year, and half were single. Ever having
used illicit drugs, alcohol, or tobacco during pregnancy was
reported among 10%, 10%, and 19% of women, respectively.
Most women reported prenatal care initiation in the first trimester,
diagnosis of HIV infection before this pregnancy, and some ARV

use prior to this pregnancy. Half received antiretroviral therapy
(ART) at their last menstrual period or started in the first trimester,
while 38% began in the second trimester. The majority of women
who started ART during or before the second trimester were on
a PI without a NNRTI (76%). The early CD4 count was <200
cells/mm? in 11% of women and the early viral load was >10,000
copies/mL in 25% of women.
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TABLE 2 Maternal anemia—associated laboratory measures by third trimester anemia among women living with HIV

Characteristic Anemia, Hgb < 11 g/dL, Trimester 3
Yes,! n =134 No,' n =133 P value?
Iron, pg/dL Median (Q1, Q3) 47.0 (31.5,72.5) 69.0 (55.0, 96.0) <0.001
Iron < 30 pg/dL Yes 25 (19%) 1(1%) <0.001
Ferritin, ng/mL Median (Q1, Q3) 11.5(7.8,20.3) 18.8 (12.6, 27.9) 0.001
hsCRP > 10.0 mg/L Yes 27 (20%) 28 (21%) 1.00
Low ferritin, after correction for inflammation Yes 83 (63%) 47 (36%) <0.001
Low ferritin < 45 ng/mL, not corrected for Yes 123 (93%) 118 (89%) 0.38
inflammation

Total iron-binding capacity, ug/dL Median (Q1, Q3) 442 (366, 520) 370 (323, 429) <0.001
Total iron-binding capacity > 450 pg/dL Yes 65 (50%) 25 (19%) <0.001
Transferrin saturation, % Median (Q1, Q3) 9.9 (6.3, 19.8) 19.0 (14.1, 27.6) <0.001
Low serum transferrin saturation < 16% Yes 86 (66%) 46 (35%) <0.001
Low serum transferrin saturation < 20% Yes 100 (76%) 73 (56%) <0.001
Vitamin B6, nmol/L Median (Q1, Q3) 14.0 (8.7, 23.2) 20.6 (11.5, 39.0) 0.16
Vitamin B6 < 20 nmol/L Yes 90 (68%) 65 (49%) 0.003
Vitamin B12, pg/mL Median (Q1, Q3) 291.2 (232.4,412.8) 367.20 (286.75, 500.90) 0.62
Vitamin B12 < 400 pg/mL Yes 97 (73%) 71 (54%) 0.001
Folate, ng/mL Median (Q1, Q3) 13.1 (9.0, 18.8) 16.9 (11.2, 23.5) <0.001
Folate < 4.5 ng/mL Yes 6 (5%) 0 (0%) 0.029
Zinc, pug/L Median (Q1, Q3) 9.9(7.7,15.8) 10.3 (7.9, 17.9) 0.19
Zinc < 50 pmol/L Yes 131 (100%) 132 (100%)

Low serum B12 (<400 pg/mL) or low folate Yes 99 (75%) 71 (54%) <0.001

(<4.5 ng/mL)

Abbreviations: Hgb, hemoglobin; hsCRP, high-sensitivity C-reactive protein; TIBC, total iron-binding capacity.
lMissing among anemic and non-anemic women, respectively, for the following variables: iron (2, 2); hsCRP (2, 1); TIBC (3, 3); transferrin saturation

(3,3); B6(2, 1); B12 (2, 1); folate (2, 1); and zinc (3, 1).

2P values were computed using a t-test for continuous variables and a Fisher’s exact test for categorical variables.

Maternal characteristics by anemia status in the third
trimester

Maternal characteristics were compared by anemia status.
The median Hgb concentration in the third trimester was 11
g/dL overall; 50% (134/267) had anemia (Table 1) and 20%
(54/267) had moderate/severe anemia. Compared to women
without anemia in the third trimester, there was a trend for women
with anemia to be younger, be black, be non-Hispanic, have
started ART in the second trimester, and have a CD4 count < 200
cells/mm? early in pregnancy. No differences in education,
income, marital status, substance use in pregnancy, the trimester
in which they started prenatal care, ART class use, early ZDV use
in pregnancy, early HIV viral load in pregnancy, or rates of viral
hepatitis infection (not shown) were seen between groups (25).

Etiology of anemia in the third trimester.

Women with any anemia in the third trimester had a greater
frequency of low serum iron (19% vs. 1%, respectively), ferritin
after correction for inflammation (63% vs. 36%, respectively),
and transferrin saturation (66% vs. 35%, respectively) or high
TIBC (50% vs. 19%, respectively) compared to nonanemic
women (Table 2). Of the 131 women with anemia who had
data on ferritin, TIBC, and transferrin saturation, 43.5% (n = 57)
were classified as having IDA (low ferritin, high TIBC, and low
transferrin saturation) in the third trimester, while 74.0% had
at least 1 of these criteria. In additional analyses, women with
any anemia in the third trimester had a greater frequency of
ferritin < 45 ng/mL, not corrected for inflammation (93% vs.
89%, respectively), and transferrin saturation < 20% (76% vs.

56%, respectively) compared to nonanemic women. Using these
cutoffs and high TIBC, 48.1% (n = 63) of women with anemia
were classified as having IDA, while 96.2% had at least 1 of these
criteria. Among nonanemic women, 9.9% had iron deficiency
based on the initial criteria, while 16.8% had iron deficiency using
the more relaxed thresholds.

Among 262 women with information about food security, 25%
had low food security and 12% had very low food security, with
similar proportions by anemia status (Table 3). Women with
anemia had slightly lower use of supplements—although use was
very good in both groups—and were more likely to have intakes
below the RDAs from diet and supplements for iron, B6, and
folate. Few women in either group consumed less than the RDA
for B12.

When anemia was defined as Hgb < 10 g/d versus >10 g/dL,
we observed similar results (Supplemental Tables 1 and 2) as
those reported above for Hgb < 11 g/dL.

Models of HIV-associated factors with anemia

The adjusted prevalence of anemia in the third trimester was
1.65 (95% CI: 1.20-2.27) times higher in women with a CD4
count < 200 cells/mm? compared to >500 cells/mm? (Table 4),
based on a modified Poisson regression analysis. Women with an
HIV viral load > 10,000 copies/mL had a 1.38 (95% CI: 1.02—
1.87) times higher adjusted prevalence of anemia compared to
those with a viral load < 400 copies/mL. In contrast, there was no
strong association of Pl use with anemia in this cohort of pregnant
WLHIV.
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TABLE 3 Maternal intake of micronutrients by third trimester anemia among women living with HIV
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Characteristic Anemia, Hgb < 11 g/dL, Trimester 3
Yes,! n =134 No,1 n=133 P value?
Food security High/marginal 85 (65%) 81 (62%) 0.84
Low 32 (24%) 33 (25%)
Very low 14 (11%) 17 (13%)
Used any supplements Yes 124 (93%) 130 (98%) 0.084
Iron, mg/d, intake from supplements Median (Q1, Q3) 28.0(27.0,91.1) 28.0(27.0, 85.5) 0.70
Tron, mg/d, intake from diet and supplements Median (Q1, Q3) 46.5 (36.2,101.0) 43.7 (37.5,95.9) 0.91
Iron, mg/d, RDA, diet and supplements Below RDA 23 (17%) 8 (6%) 0.001
Met RDA 41 (31%) 65 (49%)
Above RDA 70 (52%) 60 (45%)
Vitamin B6, mg/d, daily intake from diet and Median (Q1, Q3) 4.2 (3.3,5.0) 4.2(3.7,5.0) 0.33
supplements
Vitamin B6, mg/d, RDA, diet and supplements Below RDA 15 (11%) 4 (3%) 0.015
Met RDA 119 (89%) 129 (97%)
Vitamin B12, ng/d, intake from supplements Median (Q1, Q3) 7.5 (4.0, 8.0) 8.0 (4.0, 8.0) 0.45
Vitamin B12, g/d, intake from diet and Median (Q1, Q3) 10.8 (7.0, 13.8) 11.1 (9.3, 13.9) 0.41
supplements
Vitamin B12, g/d, RDA, diet and Below RDA 7 (5%) 2 (2%) 0.17
supplements Met RDA 127 (95%) 131 (98%)
Folate, p1g/d, intake from supplements Median (Q1, Q3) 800 (400, 800) 800 (800, 800) <0.001
Folate, pg/d, intake from diet and supplements Median (Q1, Q3) 1143 (914, 1355) 1169 (1056, 1383) 0.024
Folate, nug/d, RDA, diet and supplements Below RDA 25 (19%) 6 (5%) <0.001
Met RDA 17 (13%) 13 (10%)
Above RDA 92 (69%) 114 (86%)

Abbreviation: Hgb, hemoglobin.
'Missing among anemic and non-anemic, respectively, for food security (3, 2).
2P values were computed using a t-test for continuous variables and a Fisher’s exact test for categorical variables.

compared to nonanemic women tended to have lower median z-
The median gestational age at delivery was 38.3 wk. The  S¢Or€ values for gestational age for birth weight [—0.32 (.25th,
median birth weight, length, and BMI z-scores were —0.21 (IQR, —1.8; 75th, 3.0) vs. —0.16 (25th, —1.8; 75th, 3.7), respectively;
—1.87 t0 3.75), —0.10 (IQR, —3.03 to 3.57), and —0.24 (IQR, P = 0.09] and birth length [—0.18 (2:5th, —3.0; 75th, 2.2) vs.
~2.69 to 3.25), respectively. Infants born to anemic women —0-10 (25th, —1.85;75th, 3.6), respectively; P = 0.061].

Birth characteristics

TABLE 4 Models of third trimester anemia and preterm birth outcomes in pregnant women living with HIV

Model Unadjusted Adjusted'?
Prevalence ratio Prevalence ratio
Outcome Exposure of interest Category level of exposure (95% CI) P value (95% CI) P value
Anemia, Hgb < 11 g/dL Earliest ARV class in Trimester Not on ART 1.00 (0.60-1.66) 0.985 0.82 (0.48-1.42) 0.48
lor2 Other 0.93 (0.53-1.62) 0.795 0.86 (0.49-1.52) 0.61
NRTI, no PI or NNRTI 1.39 (0.91-2.14) 0.129 1.23 (0.81-1.86) 0.34
NNRTIL w or w/o PT 0.87 (0.53-1.41) 0.559 0.84 (0.50-1.40) 0.50
PI yes, NNRTI no — —
Earliest CD4 count in Trimester <200 1.68 (1.23-2.29) 0.001 1.65 (1.20-2.27) 0.002
1 or 2, cells/mm? 200-499 1.21 (0.91-1.60) 0.186 1.26 (0.96-1.66) 0.095
>500 — —
Earliest viral load in Trimester >10,000 1.39 (1.03-1.88) 0.031 1.38 (1.02-1.87) 0.038
1 or 2 (copies/mL) 1001-10,000 1.20 (0.87-1.67) 0.265 1.12 (0.81-1.55) 0.50
400-1000 1.47 (0.98-2.22) 0.063 1.36 (0.92-2.00) 0.12
<400 — —
Preterm birth Anemia Hgb < 11 vs. >11 g/dL 1.99 (1.09-3.60) 0.024 2.04 (1.12-3.71) 0.019

Abbreviations: ART, antiretroviral therapy; ARV, antiretrovirals; Hgb, hemoglobin; LMP, last menstrual period; NNRTI, non-nucleoside reverse transcriptase inhibitors;
NRTI, nucleoside reverse transcriptase inhibitors; PI, protease inhibitor.

"Models for anemia outcomes were fitted with a modified Poisson regression analysis adjusted for maternal age (y), black race vs. non-black, income (<$10K/y, >$10K/y,
missing), alcohol use (yes/no), and zidovudine at first ARV use at LMP or initiated ARV in the first/second trimester (yes/no).

2The model for preterm birth outcomes was fitted with a modified Poisson regression analysis adjusted for maternal age (y), black race vs. non-black, income (<$10K/y,
>$10K/y, missing), alcohol use (yes/no), protease inhibitor use at first ARV use at LMP or initiated ARV in the first/second trimester (yes/no), and BMI (<25.0, 25.0-29.9,
30.0-34.9, >35).
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Association of anemia with preterm birth

In total, 16% of infants in the Nutrition Substudy were born
preterm; 9% were SGA and 11% weighed <2500 g at birth. The
prevalence of preterm births was 11% (14/133) among women
with Hgb > 11 g/dL, 20% (16/80) in those with Hgb 10.0-10.9
g/dL, and 22% (12/54) in those with Hgb < 10 g/dL. Because
the preterm birth prevalence was similar in the latter 2 groups,
they were combined for the analysis of preterm births. Women
with anemia (Hgb < 11 g/dL) in the third trimester had a 2-fold
higher prevalence of preterm births than those without anemia
(adjusted RR = 2.04; 95% CI: 1.12-3.71; Table 4), based on a
modified Poisson regression analysis.

Discussion

Anemia is of particular concern during pregnancy, especially
in vulnerable populations such as WLHIV, for whom there is
an elevated risk of poor outcomes, including preterm births (1,
24). Half of the women in our cohort were anemic in the third
trimester of pregnancy, with 20% exhibiting moderate/severe
anemia. Both immunosuppression and a high HIV viral burden
early in pregnancy were associated with third trimester anemia, as
was the underlying iron nutritional status. Of the anemic women,
43% met the criteria for having IDA. Compared to nonanemic
women, a higher percentage of anemic women failed to meet
the daily RDAs from diet and supplements for iron, B6, and
folate and had lower serum concentrations of these nutrients,
as well as B12. WLHIV with third trimester anemia had a 2-
fold greater risk of a preterm birth, highlighting the need to
address the clinical outcomes of anemia in pregnancy in this
population.

The 50% prevalence of anemia (13) in our cohort of pregnant
WLHIV is similar to the 50% prevalence reported in Italian
pregnant WLHIV (28), but lower than the 64% prevalence
reported among pregnant WLHIV in low- and middle-income
countries (29). However, compared to the 8.8% prevalence of
anemia in the general US population of pregnant women, our
prevalence is much higher (5). While anemia rates decline after
the introduction of cART, it is still a common hematologic
abnormality in WLHIV (28-30). In a study of nonpregnant US-
based WLHIV, women with anemia had greater HIV disease
severity, had less time on cART, and a greater proportion received
ZDV (30). This suggests that the HIV disease severity may be a
key factor driving anemia.

Proposed mechanisms include a direct effect of HIV on
hematopoietic progenitor cells and activation of inflammatory
pathways by HIV proteins, resulting in abnormal cytokine
concentrations in the bone marrow environment. IL-6 stimu-
lates the expression of hepcidin, a central regulator of iron
homeostasis. Hepcidin facilitates the sequestration of iron within
reticuloendothelial cells, which in turn limits iron availability
for immature erythroid cells. In addition, leptin may impair
erythropoietin responsiveness by promoting hepcidin production
(31). These mechanisms are similar to those in aging populations,
referred to as “anemia of inflammation” (32), and may be relevant
to our cohort. While general systemic inflammation, as measured
by hsCRP, did not differ in women with or without anemia in our
cohort, CD4 counts were lower and viral burdens were higher in
women with anemia.
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Micronutrient deficiencies are an additional driver of anemia
in the general population and should be considered in the context
of HIV. Of the anemic women in our cohort, 43% were classified
as having IDA. Although this is lower than the 42% prevalence
reported in a study by Auerbach et al. (33) in a general population
of pregnant women, had we used the same criteria as that study
(ferritin < 30 ng/mL without correction for inflammation or
transferrin saturation < 20%), our prevalence would have been
78.6%. Despite a similar percentage of low food security, women
with anemia were less likely to meet the daily total intakes
from diet and supplements for iron, B6, and folate, and had
lower serum concentrations of these nutrients, as well as B12.
Other studies have found inadequate nutrient intakes in persons
living with HIV (34, 35). In addition to inadequate intakes of
micronutrients, poor gut integrity could modify the metabolism
of micronutrients and the absorption due to microbial dysbiosis,
as commonly observed in persons living with HIV (36). Finally,
black women in our study were more likely to be anemic, a
finding that mirrors that data from pregnant women living without
HIV in NHANES (37) and that could be related to socioeconomic
differences, access to care, or stress.

In our cohort, pregnant WLHIV with anemia had a 2-fold
greater risk of delivering preterm. A meta-analysis of randomized
trials of daily iron supplementation with or without folate during
pregnancy in women living without HIV shows increases in Hgb
during pregnancy, but neither iron supplementation nor higher
Hgb concentrations had an effect on preterm birth (1). A meta-
analysis of observational studies shows a 1.28 greater risk of
preterm births in pregnant women with anemia, irrespective of
time of the anemia assessment (1). In a cohort of pregnant
WLHIV in Africa, those with severe anemia (Hgb < 8.5
g/dL) had a 2-fold increase in preterm births compared to
women without anemia, but no increase was observed in those
with moderate anemia (Hgb, 8.5-10.0 g/dL). We observed
that WLHIV with severe anemia (Hgb < 10 g/dL) and those
with moderate anemia (Hgb, 10-10.9 g/dL) had similar risks
for preterm birth. General mechanisms could include hypoxia,
leading to maternal/fetal stress and spontaneous preterm labor, or
oxidative stress (38). Among pregnant women living with HIV in
low- and middle- income countries, the prevalence of anemia is
higher (73-82%) than what we observed (39, 40). In 1 study, the
risk of a preterm birth was 2 times higher in women with severe
anemia (40).

It is likely that many women in our cohort were anemic at
conception or had low iron stores without frank anemia, based
on a large study of non-pregnant WLHIV in the United States,
where 36.7% were anemic at study entry (30). Women require at
least 300 mg of stored iron just before conception to meet iron
demands in pregnancy (41). Even in high-income countries such
as the United States, over 50% of women 15—45 years of age have
iron stores < 300 mg. While low iron intake was more prevalent
in women with anemia in our pregnant WLHIV, the majority of
women had adequate intake.

We recognize several limitations to our study. We relied on
available Hgb values from routine medical care. We do not know
the women’s anemia status at conception or in the first/second
trimester, or when they began taking supplements. Ferritin, an
acute phase reactant, may not adequately reflect iron stores in
WLHIV with underlying inflammation. Other markers, such as
the soluble transferrin receptor concentration (37) or Reticulocyte
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Hemoglobin Content, are less affected by inflammation and may
be informative in this context, but such data were not available
in this study. Additionally, we do not have information on prior
preterm birth history, which is the most significant risk factor for
preterm birth, nor on the etiologies of preterm birth in this cohort;
future work on these issues should address these limitations.
We did not have information on other chronic inflammatory
conditions or cancers. Thus, if these cases existed we were not
able to exclude them. Finally, we could not characterize other
types of anemia outside of IDA, because we did not have access
to comprehensive clinical diagnostic testing.

The elevated prevalence of preterm birth associated with
anemia in our cohort highlights the importance of screening and
treatment of anemia and/or iron deficiency in pregnant WLHIV.
Nutritional counseling in WLHIV of childbearing age may be
a pathway through which preterm births may be mitigated in
this highly susceptible population. Expanded treatment of iron
deficiency, such as intravenous iron therapy, in pregnant WLHIV
may be an important public health measure (42, 43). In addition,
more research is necessary to understand the underlying factors
related to the higher prevalence of anemia in black and non-
Hispanic WLHIV in order to optimize maternal health during
pregnancy in this population.

We remember Tracie Miller for her early insight about the importance
of maternal nutrition in women living with HIV and its potential effect
on childhood outcomes. She provided valuable mentorship, guidance, and
friendship to all of us.
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